Abstract Ganodermataceae is a remarkable group of polypore fungi, mainly characterized by particular doublewalled basidiospores with a coloured endosporium ornamented with columns or crests, and a hyaline smooth exosporium. In order to establish an integrative morphological and molecular phylogenetic approach to clarify relationship of Neotropical Amauroderma s.lat. within the Ganodermataceae family, morphological analyses, including scanning electron microscopy, as well as a molecular phylogenetic approach based on one (ITS) and four loci (ITS-5.8S, LSU, TEF-1α and RPB1), were carried out. Ultrastructural analyses raised up a new character for Ganodermataceae systematics, i.e., the presence of perforation in the exosporium with holes that are connected with hollow columns of the endosporium. This character is considered as a synapomorphy in Foraminispora, a new genus proposed here to accommodate Porothelium rugosum (≡ Amauroderma sprucei). Furtadoa is proposed to accommodate species with monomitic context: F. biseptata, F. brasiliensis and F. corneri. Molecular phylogenetic analyses confirm that both genera grouped as strongly supported distinct lineages out of the Amauroderma s.str. clade.
INTRODUCTION
Ganodermataceae is mainly characterized by pileate basidiomata, sessile to stipitate, hyphal system dimitic, with arboriform and skeleto-binding hyphae and double-walled basidiospores with a coloured endosporium ornamented with columns and crests, and a hyaline smooth exosporium. The family has a cosmopolitan distribution with about 220 species, as saprotrophs in dead wood, associated with roots of living and dead trees, and also as parasites/pathogens, causing white rot in woody tissues (Moncalvo & Ryvarden 1997 , Ryvarden 2004 ).
Taxonomy of the family was almost exclusively based on morphological characteristics, such as appearance of pilear surface (i.e., dull or laccate), disposition of the hyphae in the pilear surface (i.e., anamixoderm, characoderm, cortex, hymeniderm, trichoderm) and basidiospore characters (shape and ornamentation pattern including some ultrastructural approaches). Despite extensive studies at generic and infrageneric levels (Furtado 1962 , 1965 , 1981 , Steyaert 1972 , 1980 , Ryvarden & Johan sen 1980 , Corner 1983 , Gottlieb & Wright 1999a , b, Ryvarden 2004 , Torres-Torres & Guzmán-Dávalos 2012 , only five genera are currently widely accepted, i.e., Amauroderma, Ganoderma, Haddowia, Humphreya and Tomophagus (Moncalvo et al. 1995 , Moncalvo & Ryvarden 1997 , Ryvarden 2004 , Kirk et al. 2008 , Tham et al. 2012 . Ganoderma is characterized by ellipsoid to ovoid basidiospores, with a truncate apex and an endosporium with columnar ornamentations. Tomophagus also has basidio spores with a truncate apex; however, it is characterized by a pale and soft floccose context where chlamydospores are produced. Humphreya has basidiospores with truncate apex and the endosporium ornamented by typical longitudinal ridges. Amauroderma and Haddowia have basidiospores without truncate apex, differing mainly due to the ornamentation pattern of the endosporium, i.e., columnar to semi-reticulate in Amauroderma and with longitudinal ridges in Haddowia (Furtado 1981 , Steyaert 1972 , Ryvarden 2004 , Tham et al. 2012 ).
In this current classification into five genera, several taxa are considered 'deviating elements' either by their microscopical characters (basidiospore shape and ornamentation or hyphal system), macroscopical characters (as stipe presence or context colour and consistence) or a combination of these features. In particular, regarding neotropical Amauroderma species there are taxa which not fit within the phylogenetic delimitation of Amauroderma s.str. senso Costa-Rezende et al. (2016) , such as Amauroderma sprucei which distinguishes within the genus by its whitish context with hyaline dextrinoid skeletal hyphae and a vivid orange pore surface in most of the specimens (Decock & Herrera-Figueroa 2006) . There are also monomitic or nearly so species within Amauroderma, as A. trichodermatum and A. brasiliense (Robledo et al. 2015) , as well as species with basidiospores with reticulate endosporium (A. deviatum) (Ryvarden 2004) .
Morphological reassessment and molecular phylogenetic analyses of Amauroderma s.lat. raised new perspectives in the generic classification of the Ganodermataceae family
Based on phylogenetic evidence it has been shown that Amauroderma is polyphyletic, with Amauroderma s.str. forming a monophyletic clade and some Amauroderma species defined in its broad morphological sense grouped out of Amauroderma s.str. (Gomes-Silva et al. 2015 , Costa-Rezende et al. 2016 . Although several molecular phylogenetic studies have been published on Ganoderma and Amauroderma, no synthesis of molecular data has been presented with a phylogenetic overview in context of Ganodermataceae.
Regarding the 'deviating elements' in Neotropical Amauroderma and the scarce phylogenetic evidence around Ganodermataceae, the aim of our work was to develop an integrative morphological and molecular phylogenetic approach to clarify the relationship of Neotropical Amauroderma s.lat. within the Ganodermataceae family.
MATERIAL AND METHODS

Specimens and morphological studies
The studied specimens are deposited in FLOR, HUEFS and CORD herbaria. Herbarium acronyms follow Thiers (continuously updated, http://sweetgum.nybg.org/science/ih/). Microscopic examinations and measurements were done using Melzer's reagent, Cotton blue and/or 3-5 % KOH as mounting media. For the study of the hyphal system, sections of the basidiomata were incubated in hot (40 °C) 3 % NaOH solution, then dissected under a stereomicroscope and finally examined at 3 % NaOH solution at room temperature (Decock et al. 2013) . Basidiospore-walls designations follow the concept of Furtado (1962) . Melzer's reagent was used to check dextrinoid and amyloid reactions. In order to determine the size range of pores, hyphae and basidiospores, 5 % of the measurements at each end of the range are given in parentheses, when relevant, and forty basidiospores were measured.
For ultrastructural observations, both basidiospores with and without exospore were observed. In the first case, fragments of tubes were placed on stubs, then metalized with gold and observed at SEM. To observe the ornamentation in detail, we removed the outer layer of basidiospores according to Crespo & Robledo (2016) . Fragments of tubes were placed on chromic acid (H 2 CrO 4 ) crystal, covered by enough water drops to dissolve the crystals, and stored around 20 minutes. Then, this solution and dissepiment fragments were filtered (0.45 µm filter) by vacuum, adding water to remove acid. The filter was dried at room temperature and finally scraped with a blade in a stub with a drop of 70 % alcohol, metalized with gold and observed at SEM. The analyses were performed in Scanning Electronic Microscope (SEM) Zeiss LEO 1450VP of the Laboratorio de Microscopía Electrónica y Microanalisis (LABMEM) of the Universidad Nacional de San Luis, Argentina and JEOL JSM-6390LV.
DNA extraction and sequencing
DNA was extracted from dried basidiomata following the protocol of Doyle & Doyle (1987) modified by Góes-Neto et al. (2005) . Primer pairs ITS8-F/ITS6-R (Dentinger et al. 2010 ) and LR0R/ LR7 (Vilgalys & Hester 1990) were used to amplify the internal transcribed spacer (ITS) and large subunit (LSU) rDNA regions, respectively. Primer pairs RPB1-Af/RPB1-Cr (Matheny et al. 2002) and EF1-983F/EF1-2212R (Rehner & Buckley 2005) were used to amplify the protein-coding genes RNA polymerase II largest subunit (RPB1) and translation elongation factor-1α (TEF-1α), respectively. Sanger Sequencing was performed with BigDye Terminator v. 3.1 Cycle Sequencing Kit (Applied Biosystems, California, USA) following manufacturer procedures.
The same oligos were used as forward and reverse sequencing primers for the ITS, RPB1 and TEF-1α. For LSU the primer LR7 was replaced by the LR5. The sequencing was performed at LAMOL (Universidade Estadual de Feira de Santana) and FIOCRUZ-MG (Brazil), as part of the FungiBrBol project.
Phylogenetic analyses
Chromatograms were manually edited using Geneious v. 6.1.8 (http://www.geneious.com). The sequences generated in this work were combined with ITS, LSU, RPB1 and TEF-1α sequences of Ganodermataceae and outgroups (Perenniporia medulla-panis, Perenniporiella chaquenia and P. pendula) retrieved from GenBank (NCBI). Five datasets were constructed: one of them (ITS) is composed by the majority of the phylogenetic species of Ganodermataceae; the others (ITS, LSU, RPB1 and TEF-1α) are composed of sequences from vouchers belonging to the main putative phylogenetic lineages of the Ganodermataceae family which have available sequences of at least two of the molecular markers mentioned above (except for G. subresinosum and A. brasiliense which were included even having only ITS sequences), in order to perform a multiloci phylogenetic analyses. The newly generated sequences and additional sequences downloaded from GenBank are listed in the Table 1. The datasets were aligned using MAFFT v. 7 (Katoh & Standley 2013) , under the G-INS-i criteria. Then, they were manually inspected using MEGA v. 6 (Tamura et al. 2013 ). Both ITS datasets were subdivided into three data partitions, ITS1, 5.8S and ITS2, while RPB1 and TEF-1α were subdivided in introns, and 1st, 2nd and 3rd codon positions.
The best-fit model of nucleotide evolution to the datasets was selected by AIC (Akaike Information Criterion) using jModelTest2 v. 1.6 (Guindon & Gascuel 2003 , Darriba et al. 2012 . For the phylogenetic reconstruction two datasets were analyzed, the ITS dataset and the multiloci dataset (ITS+LSU+RPB1+TEF-1α). Bayesian Inference (BI) and Maximum Likelihood (ML) phylogenetic analyses were applied to the datasets. BI was performed using MrBayes 3.1.2 (Ronquist & Huelsenbeck 2003) with two independent runs, each one beginning from random trees with four simultaneous independent chains, performing 1 × 10 7 replications, sampling one tree every 1 × 10 3 th generation. The first 2.5 × 10 6 sampled trees were discarded as burn-in and checked by the convergence criterion (frequencies of average standard deviation of split < 0.01), while the remaining ones were used to reconstruct a 50 % majority-rule consensus tree and calculate Bayesian posterior probabilities (BPP) of the clades. ML searches were conducted with RAxML-HPC v. 8.2.3 (Stamatakis 2014) , available in the CIPRES science gateway (Miller et al. 2010 ; http://www.phylo. org/). The analysis first involved 100 ML searches, each one starting from one ran domized stepwise addition parsimony tree, under a GTRGAMMA model, with all other parameters estimated by the software. Only the best scored likelihood tree from all the searches was kept to access the reliability of the nodes. Multiparametric bootstrapping replicates under the same model are computed, allowing the program to halt bootstrapping automatically by the autoMRE option. An additional alignment partition file to force RAxML software to search for a separate evolution model for each partition was used.
A node was considered to be strongly supported if it showed a BPP ≥ 0.95 and/or BS ≥ 70 %. The final alignment and the retrieved topologies were deposited in TreeBASE (http://www. treebase.org), under accession ID: 20193 (http://purl.org/phylo/ treebase/phylows/study/TB2:S20193). 
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RESULTS
Molecular Phylogeny
The final ITS dataset ( Fig. 1 ) included sequences from 157 fungal specimens, with 659 characters, of which 320 were constant and 267 parsimony informative. The combined (ITS+LSU+RPB1+TEF-1α) dataset ( Fig. 2 ) included sequences from 68 fungal specimens, with 3 489 characters, of which 2 415 were constant and 813 parsimony informative. The evolutionary models selected for ITS dataset were TIM2+G (ITS1), TIM1ef+I+G (5.8S) and HKY+I+G (ITS2). For the multiloci dataset the selected models were TVM+I+G (ITS1), K80+I (5.8S), TPM3+G (ITS2), TIM2+I+G (LSU), HKY+G (RPB1 introns), TRN+I (RPB1 1st codon), HKI+I (2nd codon), TIM2+G (3rd codon), TPM3u+I+G (TEF-1α introns), GTR+I (TEF-1α 1st codon), TVM+I+G (TEF-1α 2nd codon) and TIM2+G (TEF-1α 3rd codon).
Eleven major lineages were recovered in ITS analyses. Two of them corresponded to the new genera proposed here, i.e., Furtadoa (1.0 BPP, 95 % BS) and Foraminispora (1.0 BPP, 100 % BS). Three distinct lineages were composed of species currently classified in the genus Amauroderma, here named the Amauroderma s.str. Etymology. Referring to the basidiospores with hollow endosporic projections which are continuous until the exospore wall. Foramen means hole, while spora means spore in Latin.
Typification. Porothelium rugosum Berk., Hooker's J. Bot. Kew Gard. Misc. 8: 237. 1856. Diagnosis -Similar to Amauroderma, differing by the spores with endosporic ornamentation as hollow columns, which are continuous until the exospore wall.
Basidiomata annual, stipe pleuropodal to pseudomesopodal, pileus circular to spathulate. Pilear surface glabrous, greyish brown to dark brown, concentrically zonate with thin blackish bands, radially rugose. Context white, homogenous, in section with a shiny black cuticle. Tubes slightly darker than context. Pore surface whitish to vivid orange. Pores regular, circular to angular. Dissepiments thick, entire. Stipe cylindrical, pale to dark brown, finely tomentose, solid to hollow, context homogeneous, whitish, in section with a shiny dark cuticle. Hyphal system dimitic, generative hyphae clamped, arboriform and skeleto-binding hyphae almost hyaline, dextrinoid. Cystidia and cystidioles absent. Basidia clavate, with four sterigmata. Basidiospores subglobose, hyaline to pale brown, double walled, with conspicuous ornamentation as endosporic projec- Fig. 1 (cont.) tions column-like, some of them with a hole, that persists up to the exospore, IKI-.
Ecology & Distribution -Specimens growing on the ground or on decayed angiosperm wood in Brazil, Venezuela, French Guiana, Costa Rica and Cuba (Decock & Herrera-Figueroa 2006) . Notes -The new genus is characterized by stipitate basidiomata, dull pilear surface, whitish context, a dimitic hyphal system, skeleto-binding hyphae with lateral and apical branches and arboriform skeletal hyphae, both dextrinoid, and globose to subglobose, hyaline to pale brown spores, with conspicuous endosporic projections. Under SEM, it is possible to observe that some of the columnar endosporic projections are hollow and these holes persist until the exospore wall (Fig. 3) . This feature is unique within Ganodermataceae, thus, it is considered as an exclusive feature for this genus.
The genus clearly fits into Ganodermataceae circumscription, due to its hyphal system with clamped generative and arboriform skeletal hyphae, as well as the double-walled basidiospores, with the inner layer ornamented. Both macro-and microscopic features of Foraminispora are shared with the genus Amauroderma, i.e., stipitate and annual basidiomata, a dimitic hyphal system and non-truncate basidiospores (Furtado 1962 , 1981 , Ryvarden & Johansen 1980 , Corner 1983 , Ryvarden 2004 . However, an ultrastructural examination of some species of Amauroderma (A. calcigenum, A. pseudoboletus and A. schomburgkii ) led us to conclude that the perforated column is absent in this genus (Fig. 4a -f) .
Ganoderma also presents species with pale context and double-walled spores with endosporic ornamentation (Ryvarden & Johansen 1980 , Corner 1983 , Ryvarden 2004 , Torres-Torres & Guzmán-Dávalos 2012 ; however, the absence of the hollow columns (G. australe; Fig. 4g-h ) and the truncate apex of basidiospores clearly distinguish this genus from Foraminispora. Ganoderma also has holes in the exospore of some species (G. lucidum, G. pfeifferi, G. valesiacum) . Nevertheless, the holes are formed among the columns (Pegler & Young 1973 1.0/100 Fig. 1 (cont.) 
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Amauroderma elegantissimum URM 82787 Haddowia and Humphreya also present species with pale context and double-walled spores with endosporic ornamentation; however, the ornamentation is formed by ridges. Tomophagus mainly differs from Foraminispora by its laccate and soft pileus and truncate basidiospores (Murrill 1905 , Steyaert 1972 , Ryvarden 2004 , Tham et al. 2011 ). Since only Foraminispora rugosa is known to bear this feature, its whitish context and the vivid orange pore surface seem to be remarkable features of this genus in its current circumscription. Notes -The dull concentric zonate pilear surface, the whitish context, the ochraceous to vivid orange pore surface, the small pores (5-7(-8) pores/mm), a crust with a short trichoderm in the pilear surface, the strongly dextrinoid skeletal hyphae and the predominantly subglobose basidiospores ((7-)8-10 × 7-9 µm), with conspicuous hollow columnar ornamentation are characteristic of this species. The species was described with a di-trimitic hyphal system, with generative and vegetative hyphae in all portions of basidioma, and the trama of tubes as dimitic with arboriform skeletal hyphae (Decock & Herrera-Figueroa 2006) . In our observations, the hyphal system is considered dimitic. In the context, we have observed clamped generative hyphae, intercalary skeleto-biding hyphae, with long lateral and apical, thin branches, and skeletal hyphae (up to 7 µm diam), tortuous, with few apical ramifications. The trama of the tubes is composed of clamped generative, arboriform skeletals, and thick-walled skeleto-binding hyphae, formed by a main stalk and very short lateral branches, with or without two thin apical branches.
When Porothelium rugosum was combined in Ganoderma the epithet 'rugosum' was already occupied by Ganoderma rugosum, then the nome novum Ganoderma sprucei was proposed.
The same happened when Torrend combined P. rugosum in Amauroderma, because the epithet 'rugosum' was occupied as well (Amauroderma rugosum). Torrend therefore continued to use 'sprucei', the earliest epithet available in Amauroderma. Considering the combination of Porothelium rugosum in Foraminispora the epithet is available. Ecology & Distribution -Specimens growing on the ground or on decayed angiosperm wood from Brazil, Guyana and Venezuela (Ryvarden 2004 , Coelho et al. 2007 , Gomes-Silva et al. 2015 
, as Amauroderma brasiliense).
Notes -This new genus is characterized by a stipitate basidiomata, soft when fresh, dull pilear surface, pale context, a dimitic hyphal system, with a monomitic context, composed of both clamped and simple-septate generative hyphae (Fig. 5) , thin to slightly thick-walled and dimitic trama of tubes, composed of clamped generative hyphae and arboriform skeletal hyphae and double-walled, ornamented basidiospores.
Considering the double-walled basidiospores with the inner layer ornamented, the genus fits into Ganodermataceae circumscription. Both macro-and microscopic features of Furtadoa are shared with the genus Amauroderma, i.e., stipitate and annual basidiomata, presence of arboriform skeletal hyphae in the trama of tubes and double-walled, non-truncate basidiospores (Furtado 1962 , 1981 , Ryvarden & Johansen 1980 , Corner 1983 , Ryvarden 2004 ). However, the monomitic context with simple-septate generative hyphae is exclusive of this new genus in the context of the family. Regarding the other accepted genera in Ganodermataceae, besides the difference in the hyphal system, Ganoderma, Humphreya and Tomophagus have truncate basidiospores, and Haddowia has basidiospores with mainly longitudinal ridges (Steyaert 1972 , Ryvarden 2004 , Tham et al. 2012 . Diagnosis -This species differs from F. brasiliensis by its thinner basidiomata, darker context, and the presence of simpleseptate generative hyphae in the context. Basidiomata stipitate, pleuropodal, single; pileus 25 -45 mm diam, up to 10 mm thick, almost flattened to slightly convex, soft when fresh, corky when dry; margin incurved and irregular, becoming strongly involute upon dried. Pilear surface greyish brown, azonate, radially finely strigose, wrinkled at the center, glabrous. Context corky, pale brown, homogeneous, 0.3 -5 mm thick, thinner near the margin. Tubes slightly darker than context, up to 3 mm long. Pore surface concolorous to context; pores circular, 3 -5(-6) per mm, (200 -)250 -400 µm diam, (mean = 358.2 µm); dissepiment entire, 90 -230 µm thick, (mean = 155.9 µm). Stipe solid to hollow, straight to tortuous, up to 50 mm long and 5 mm diam; surface velutinous, longitudinally corrugated, pale brown; context with the same consistency and concolorous with pilear context. Pilear surface composed of generative hyphae, 4 -7 µm diam, thin to slightly thick-walled, parallel to the contextual hyphae. Hyphal system mono-dimitic; context composed of two kinds of generative hyphae: one clamped to occasionally simple-septate, 3-7 µm diam, hyaline, thin to slightly thick-walled, straight to tortuous, branched; the second gloeopleurous-like, rarely simple-septate, with long stretches without septa (up to 1 600 µm), 10-15 µm diam, hyaline, thin to slightly thick-walled, straight to tortuous, mostly unbranched, but eventually presenting some lateral short prolongations; trama of tubes composed of clamped generative hyphae, 3-5 µm diam, hyaline, thin walled; and arboriform skeletal hyphae with few apical, 4.5-6 µm diam in main stalk. Basidia subglobose to clavate, 4-sterig mate, 12 -15 × 8 -10 µm. Basidiospores subglobose to ellipsoid, ((6-)7-10 × (5.5-)6-8(-9) μm), (mean = 7.6 × 6.5 µm), Q = 1.07-1.33 (1.36), (mean-Q = 1.18), hyaline, double-walled with the inner layer finely and regular ornamented, verrucose under SEM, IKI-.
Notes -Furtadoa biseptata presents macro-and micromorphology that resembles Furtadoa brasiliensis, mainly differing by a thinner and darker pileus and by the presence of simple septa (Fig. 5) . Furtadoa corneri differs from the new species by the funnel-shaped basidiomata and the thinner pileus, as well as by slightly larger basidiospores (8-10 × 6-8(-9) µm, mean = 8.2 × 7.4). Furtadoa biseptata was collected just once, even with several field expeditions across four years in the type locality, suggesting it to be a rare species. Furtadoa brasiliensis (Singer) Costa-Rezende, DrechslerSantos & Robledo, comb. nov. -MycoBank MB819017 ≡ Scutiger brasiliensis Singer, Nova Hedwigia, Beih. 77: 22, 1983 . ≡ Amauroderma brasiliense (Singer) Ryvarden, Syn. Fungorum 19: 44, 2004 'as A. brasilensis'. Description - Singer et al. (1983) 22, 'as Scutiger brasiliensis'.
Notes -Since Scutiger brasiliense was proposed, some different interpretations in its morphology have been raised. Scutiger brasiliense was described based on a specimen from Brazilian Amazonia and a specimen from Santa Catarina collected by Rick (Singer et al. 1983) , with stipitate basidiomata with a white and soft-flesh context, monomitic hyphal system and inamyloid and ellipsoid to almost subglobose spores (7-9.3 × 6.3 -8 μm) as the diagnostic characters. Amauroderma corneri was proposed fifteen years later to accommodate another monomitic species with Amauroderma-like basidiospores, based on a specimen from Atlantic Rain Forest in Brazil (Gulaid & Ryvarden 1998) . However, the species was later considered under synonymy of A. brasiliense (Ryvarden 2004 , Coelho et al. 2007 , Gomes-Silva et al. 2015 . In accordance with the morphological differences reported, i.e., A. corneri has a thin and funnel-to fan-shaped pileus, whitish when fresh, turning orange to brown when dried and A. brasiliense presents a thick and permanently pale basidiomata (Gomes-Silva et al. 2015) , we preferred to maintain both taxa as independent species. Notes -Furtadoa corneri is characterized by a thin, funnel-to fan-shaped pileus, monomitic context and subglobose to ellipsoid basidiospores (8-10 × 6-8(-9) µm, mean = 8.2 × 7.4), IKI-.
DISCUSSION
Furtadoa, Foraminispora and Amauroderma s.str. within Ganodermataceae
In this work, we presented a molecular phylogenetic overview of the Ganodermataceae based on analyses with a wide dataset composed of the majority of the phylogenetic species with ITS sequences available in GenBank (NCBI) and a multiloci dataset (ITS+LSU+RPB1+TEF-1α) with a narrower sampling. These analyses, combined with morphological analyses evidenced new ultrastructural characters that enable a better understanding of the generic delimitation in the family. Our results agree with the polyphyletic status of Amauroderma previously proposed with morphological and phylogenetic approaches (Steyaert 1972 , Gomes-Silva et al. 2015 , Costa-Rezende et al. 2016 .
A detailed examination of the morphology of some neotropical 'deviating' specimens of Amauroderma, previously determined as A. brasiliense and A. sprucei led us to observe some remarkable morphological features. Our phylogenetic analyses showed that those specimens grouped on different separated lineages, distinct from Amauroderma s.str., and, thus, two new genera are proposed to accommodate those species, as well as a new species is proposed. Furtadoa is proposed to accommodate 3 monomitic species (F. biseptata, F. brasiliensis and F. corneri) while Foraminispora was proposed to accommodate A. sprucei.
The monomitic context of F. biseptata (Fig. 5) , F. brasiliensis and F. corneri may represent a synapomorphy of Furtadoa. As A. trichodermatum also has a monomitic context, future studies will probably point out that this species should be better placed in Furtadoa, as already suggested by Robledo et al. (2015) , who speculated that A. trichodermatum and A. brasiliense could be related. Furtadoa appears as not closely related to Amauroderma s.str. in both analyses ( Fig. 1-2) . Furtadoa brasiliensis and F. biseptata (both as A. brasiliense) appeared in a distinct lineage from Amauroderma s.str. in previous studies carried out by Gomes-Silva et al. (2015) and Costa-Rezende et al. (2016) , supporting our proposition. Furthermore, hyphal system structure has been considered as a character to support the proposition of new genera among Agaricomycetes, especially polypores, such as in Perenniporiella, Yuchengia, Sanghuangporus, Tropicoporus and Phellinotus (Decock & Ryvarden 2003 , Robledo et al. 2009 , Zhao et al. 2013 , Zhou et al. 2015 , Drechsler-Santos et al. 2016 ).
The new species (F. biseptata) appears in a long branch in the retrieved phylogenetic trees, clustered as the sister clade of F. brasiliensis, which represents that there is a high genetic divergence between the taxa, in spite of their morphological similarity.
Foraminispora has a unique morphological feature among Ganodermataceae, the hollowed columnar endosporic projections of basidiospores, which is continuous until the exospore wall (Fig. 3) . The ontogeny of endosporic ornamentation in Ganodermataceae is currently unexplored but it should be investigated in order to contribute to the taxa delimitation, as already observed in other polypore fungi, such as in Perenniporia s.lat. (Decock & Ryvarden 2003) . Based both in nrITS and combined phylogenies, Fo. rugosa is not related to the Amauroderma s.str. clade ( Fig. 1-2) , as observed by Costa-Rezende et al. (2016, as A. sprucei) , corroborating the proposition of the new genus. In both phylogenetic analyses Foraminispora clustered as a sister group of 'Amauroderma yunannense' clade, which is composed only of A. yunnanense. This species also presents a homogeneous whitish to pale yellow context, similarly to Fo. rugosa (Li & Yuan 2015) . Future studies based on basidiospores ultrastructure may point out that A. yunnanense should be placed in Foraminispora. Despite presenting basidio spores which are subglobose and not truncate, Foraminispora is more related to Ganoderma (Fig. 2 ; 0.98 BPP, 52 % BS) than to Amauroderma.
The genus Amauroderma, as usually morphologically circumscribed, comprises sessile to stipitate polypores with globose to ellipsoid basidiospores, without a truncate apex, double-walled basidiospores with the inner layer ornamented (rarely smooth, as in A. coltricioides), associated with fallen dead wood or roots of living or dead trees, with a tropical and subtropical distribution (Ryvarden 2004) . Besides Furtadoa, Foramini spora and 'Amauroderma yunannense' clade, species usually included in Amauroderma clustered in two unrelated clades in both analysis ( Fig. 1-2) . One of them is Amauroderma s.str., a taxon comprising neotropical species, which shares a sessile to stipitate basidiomata with a di-trimitic hyphal system, composed of clamped generative hyphae, arboriform to skeleto-binding hyphae (both in context and tubes) and non-truncated, double walled spores with solid columnar to semi-reticulate endosporic ornamentation. The second is the 'Amauroderma rude' clade, which is composed of species occurring outside the neotropical region (A. perplexum, A. rude, A. rugosum) and clustered in a distinct lineage from Amauroderma s.str., as also observed by Costa-Rezende et al. (2016) . Further studies are needed to clarify the taxonomic status of this group since supposedly there are no morphological differences between these species and those of Amauroderma s.str.
1 Ganoderma includes traditional dull and shiny complexes /groups:
Ganoderma australe/aplanatum complex, Ganoderma lucidum complex, Ganoderma resinaceum complex and others. 2 Tomophagus is so far represented by 2 species: T. collosus, the type species, and T. catienensis. Tomophagus collosus was suggested to be congeneric with G. tsunodae (Hattori & Ryvarden 1994) . Although our analyses suggest a relationship between these species, whether the taxa are congeneric or not remains unclear. 3 Trachyderma clade is so far represented by Ganoderma tsunodae. Imazeki (1939 Imazeki ( , 1952 proposed Trachyderma as a new genus for this species. However, the generic name is illegitimate as a homonym of Trachyderma Norm. 1853 as pointed out by Ryvarden (1991) . 4 Furtadoa is distinct from Amauroderma s.str. by presenting a monomitic hyphal system in context and a dimitic trama of tubes. 5 Amauroderma s.lat. species. The hyphal system structure and the pale colour of the context suggest a relationship with Furtadoa (Robledo et al. 2015) . 6 Foraminispora rugosa is so far the only representative of Foraminispora, being characterized by a whitish context, dextrinoid vegetative hyphae and subglobose spores with conspicuous ornamentation as endosporic projections column-like, some of them with a hole, that persists up to the exospore. 7 Amauroderma s.lat. species. According to our phylogenetic analyses this species is related to Foraminisporus and further ultrastructural examination of basidiospores could prove that the taxa belongs to this genus. 8 Amauroderma s.str. is typified by A. schomburkii and as defined phylogenetically is so far restricted to the neotropical region. Morphologically the genus is characterized by stipitate basidiomata with a di-trimitic hyphal system, composed of clamped generative hyphae, arboriform to skeletobinding hyphae (both in context and tubes) and non-truncated, globose to ellipsoid spores with solid columnar to semi-reticulate endosporic ornamentation. The sessile species of Amauroderma were not included in phylogenetic analyses so far, so the inclusion of them in Amauroderma s.str. remains uncertain.
Comments on Ganoderma, Tomophagus and unresolved taxa
Tomophagus was proposed to accommodate Polyporus colossus due to its light weight basidiomata and thick, soft spongy context, differing from Ganoderma. The genus was recovered as monophyletic both in the nrITS and combined analysis in the present study, as also observed in earlier studies (Moncalvo et al. 1995 , Hong & Jung 2004 , Tham et al. 2012 , De Lima Júnior et al. 2014 . Our results sustain the independency of Tomophagus against its synonymy under Ganoderma.
The Trachyderma clade is composed only of G. tsunodae, which is the type of Trachyderma, a genus that was mainly characterized by a fleshy succulent context when growing, differing from Ganoderma (Imazeki 1939 (Imazeki , 1952 . Unfortunately, according to the International Code of Nomenclature for algae, fungi, and plants the name Trachyderma is not valid since the name was first given to a lichenized Ascomycota. Therefore, further studies are needed to point out if the taxon is congeneric to Tomophagus, or represent a genus that should be properly proposed.
Except for G. coffeatum, G. ramosissimum G. subresinosum and G. tsunodae (treated above), all the Ganoderma species clustered in an homogeneous clade ( Fig. 1-2 ) mainly characterized by presenting a coriaceous to wood basidiomata and truncate spores with column-like endosporic projections ( Fig.  4g-h ), which in future studies could be attributed to Ganoderma s.str. The recovered topologies ( Fig. 1-2) does not corroborate the distinction between the genera Ganoderma and Elfvingia, even at subgeneric level (G. subg. Ganoderma and G. subg. Elfvingia) since none of these groups with dull and laccate species, respectively, were monophyletic, contrary to previous results, in which the laccate and the dull species appeared as two distinct clades (Moncalvo et al. 1995 , Hong & Jung 2004 .
Ganoderma subresinosum (Magoderna clade) was recovered in our topologies in a distinct lineage from Amauroderma s.str. and Ganoderma, as also observed by Gomes-Silva et al. (2015, as A. subresinosum) and Costa-Rezende et al. (2016, as A. subresinosum) . Steyaert (1972) proposed the genera Haddowia, Humphreya and Magoderna, the last one typified by M. subresinosus, and contains two other species (M. infundibuliforme and M. vansteenisii), and was proposed to accommodate species with dimidiate to pleuropodal basidiomata, anticlinal hyphae (hymenioderm) in the pilear surface and ovoid-ellipsoid to spherical basidiospores without a truncate apex. Although the genus has been considered as synonym of Amauroderma (Furtado 1981) or Ganoderma (http://www.indexfungorum. org/names/Names.asp), according to our topology and the morphological circumscription of Steyaert (1972) , Magoderna might be accepted at generic level. Steyaert (1972) proposed the genus Humphreya to accommodate A. lloidii, P. coffeatus and H. endertii due to their hyphal disposition (peri-or pantoclinal) and basidiospore ornamentation (reticulate or disjointed cristae). Decock & Herrera-Figueroa (2007) reported that G. coffeatum has typical basidiospores with endosporic ornamentation as predominantly longitudinal ridges and with a known distribution in South and Central America. These authors refuted Steyaert's combination since the vicinity of G. coffeatum and H. lloydii is uncertain. In our work, G. coffeatum clustered in an independent clade from the typical Ganoderma species (Fig. 1) . In this way, the Steyaert's concept of Humphreya may represent a genus independent of Ganoderma, but, since we have no other sequences from Humphreya, we consider that its position at genus level is still uncertain. 
